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unci extrinaic pathways as «hown m Ft$;urt: 2. After 
thv binding of tissue factor to its enzyme, factor Vita, 
initiation of th* procoagulant stimulus results in the 
activation of 2 substrates, factor IX and factor X. * Ti*- 
*ue factor i» produced cunstitutiveiy by interstitial 
cdk, but not by ceils in contact with hiond. How- 
^ increased expression of tissue factor by en- 



dothutial cell* and macrophage* has been demon- 
strated after treatment with a variety of agonists in 
vitro * Particularly pertinent to the progression of 
.itheioeidcrosb and thrombosis i» the ability of TNF. 
tL !• and VTF'VEGF ro up-rcgulare the expression 
of ti;4ue factnr and their association *ith coagu- 
lopathies in vivo, because the$e 5 raoors are thought 
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to be produced within the tricrocnvtronmcn; of the 
developing plaque and may contribute to thrombus 
formation. 1 

The final common pathway of thrombin formation 
is activated when factor Xa is compUsxed with its 
cofactor VU to form the prothrornbinase complex, 
which converts prothrombin to thrombin (Fifc. 2). 
The activated factor DC Cftctor DCa), complexed with 
its cefaclor VTOa, can also cleave factor X and con- 
tribute to the activaeon ox die final common path- 
way. Recently, the importance of the feedback loop 
for factor DC activation has been proposed;^ thronv 
hia that has been generated via tissue factor-depen- 
dent mechanisms feeds back into the intrinsic 
pathway at the level of factor XI. This model sug- 
gest* a mechanism For continued factor X activation 
during inhibition of the tissue factor pathway, which 
may block the tissue ractcr~mediated activation or 
factors DC and X. 

F;icror OCa and factor Xa are subject ;c regulation 
by the protein C-protein 5 pathway <?tg. 1). This 
mechanism is initiated by thxc*rv3in-medLited acti- 
vation of protein C which in turn deactivates factors 
Va and Villa The 1st of these steps requires the «v 
factor thrombciTOduiin and the 2nd requi re* protein 
$. both of which are produced by and bound to 
the endothelial cell.'' 4 Stimulation of endothelial eel) 
monolayers with TNF results not only in increased 
expression of tissue factor hut also in decreased 
expression of thrombomodulin * Exposure of the 
endothelium to TNT leads to augmentation of the 
synthesis of plasminogen activator inhibitor,'" which 
pushes thi: balance to a procoagulant state with 
reduced fibrinolytic activity. 



Tumor Necroak F*et<*r 

Clearly, die contrast berwwn intravascular throm- 
bosis, on one nand. and the bleeding associated with 
disruption of hemostasia un the other — hoth rela- 
tively rare under normal physiologic conditions — 
suggests a site of exquisite control. An in vivo model 
chat v>-as developed to study mechanisms of intra- 
vascular thrombin formation and fibrin deposition 11 
used low-dose infusion of "TNF in mice bearing the 
3-methvicholanthrene * (Meth A)-induced fibrnsar- 
coma. Wthin 30 minutes after TNF infusion* fibrin 
was detected on the tumor vasculature together wuh 
a marked increase in vascular permeability. This vas- 
cular collapse is thought to contribute to the in vivo 
sensitivity of TNF. The higher TNF scr.suiv<ty erf the 
tumor endoihifiium compared with thai of normal 
vessels suggested that endothelial ceils within the 
rumor microenvironment maybe altered. 11 Recently . 
3 factors prrxiuced by Mcth A cells in vitro haw 
been identified: endothelial ceil macrophage acti- 
vating polypeptide* I and II" " and the endothelial 
ceil mitogen, VPF/VEGF. These factors induce the 



expression ot tissue factor on macrophages ana act 
-ynexgisticalry with TTJF «i\ endothelial ceils to pro- 
duce tissue factor. In vitro studies also showed the 
induction of leukocyte chemotaxis, and studies in 
nvo. an irilamraation-producins effect. 1 * 

The TNF responsiveness of tumor vasculature 
t an also be used as a model for cytokine- induced 
. hanges: in the presence of consatutively produced 
uoior factors the expression of tissue factor is mow 
: ikety up-regulated. Further evidence for this up- 
i egulation is provided by studies showing that fibrin 
> icposition within the tumor can be measured within 
*0 minutes after T>TF infusion. 11 Extrapolating fern 
.he available in vitro data for fibrin formnclon, such 
results suggest that this rate of fibrin formation is too 
-apid to be explained entirely by de novo synthesis 
;>f tissue factor. When endothelial ceil* were exam- 
ined, only low levels of Ussue factor activity were 
detected on intact monolayers with or wichout TNF 
simulation, whereas an approximate^ 3-fold in- 
crease in tissue factor activity was observed after 
treatment of intact monolayer? of endothelial cells 
with TNF or IL V™ a 10- to 20-fold increase was 
evident after monolayer? were lightly permeabilized 
or removed in such a way as to expose the underly- 
ing extracellular matrix. ;< Such dramatic increases in 
tissue factor activity have aiso been shown using 
matrix isolated from TNF-treatcd endothelial mono- 
layers under flow renditions. 4 ""* 

Ti»ue Factor 

Tissue factor has 1 substrates, factor DC and factor X, 
und cellular binding sites have been described for 
both. 1 * Specific binding of factor IX'FXa to endo- 
thelial cells and platelets has been demonstrated in 
vitro. The vitamin K-dependent y<atfcoxyghitamic 
acid domain is essential to this Interaction. The 
rapid clearance of intravenously infused factor DC 
TviTh Us absorption onto the vessel wail suggests 
a high number of Factor C< binding Sites in vivo.-' 
While factor IX/TXi binds to endothelial cells equal- 
Ly welt (kDa - 2 nM). the affinity for factor DCa is 
greatly increased in the presence of factors X and 
VTOa.-" Thus, endothelial ceils provide a sire for the 
xssernblv of a factor X-acrivadng complex. 

The involvement ef factor DCa in cytokine -medi- 
ated incravascuiar coaguiation was suggested *y the 
ability of active site-blocked factor DCa (factor iXaO 
to inhibit fibrin deposiuon in tumor trucrovessels 
when infused with TNF. 1 ' To further examine the 
relative importance of factor* DC and X in intravas- 
cular coagulation, we used the inhibitor Gtu-Oly- 
Ajg^Wcrmethvi ketone, which binds irreversibly to 
* the active site of factors IX* and Xa (factor Kai and 
factor XaO. These active site -blocked factors have no 
enwmauc activity but compete with the active en- 
zyme for receptor, cefaclor, and substrate binding. 



3» 



Endo;nei»»-3€p«na«rtt Pfecoautani and Anticoaoulan; Mi ^nanisms 



Mechanteai 

injury 

(WOUfUJ) 



Tissue ^ Vila 
factor 



ixai 



Xa 



XftI 



fiKAOi 

intrwvweuii 



VtHa*IXa 

-t 



4 



3 Gccwn of *. arcccavm, macros™ '^^ n ^^,T^Z^<^ TfZu^sTe^rT^- 



Active site-btoeked Factors IXa and Xa were csnv 
■wred for their ability W mtunit intra- and e«ravas- 
£2r coauulaiion in eW Both actlv- 
S^IX* and Xa ound * dose-deperid.m .nh^- 
««, of intravascular thruenbori*. «n.t««l « fte ««• 
narv arwrten. indicating the importance of factor lXa 
In the intravascular activation of the final common 
nathvw-ay"' (Fip. 3). However. *+- --^avascular eo : 
Leuiation ~as measured in cortiunctirm with Nocxl 
taw from a .soodaxdiwd ' t b .tnmind Uioaun. infu- 
jjon or factor DW at concentration* sufficiery jo 
•ntuhit intravenous coaculatlon did not prodUC* 
Weedinu rfemflcandv Uitteivn from that <n control 
,n v£rw Of the role ul factor Sa in tne Mr- 
mauun of an active prothrnmhina.se complex ana 
the consequent activation of the final ccrnimcm path- 
way it no' surpn^iQaihat factor Xai Iritah iwd 
both u*lta*a*cuiax utanfWtasis and l.WJlxwiuJnj 
thmmlniais.'" Previous in vivo and in vitro -<tutlU» 
•lave «uRgewd that factor X activation by die tuwue 
'actor-Vtla complex is favored where tissue factor 
concentrations are W B h Uur example, in extravascu- 
lar spaces such ax the skin J " - However. « lowtu.- 
sv.e factor concentrations, activation at factor IX w 
«nh»nced. Taken xoaerher with our finding, thix 
evidence lends support to the view that lacsur i.v 
CO serves an important function in uuavajscutor 
thrombosis, which I* separate from exiravwcuW 
hemostasia (HR. 3) 
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